A chamber was designed to apply up to 20 bars pressure to roots of intact plants. The relations in plant parts. Flow of water through excised tomato roots was studied by Mees and Weatherley (3) with pressure chamber to vary the hydrostatic pressure gradient across the roots. They found an apparent increase in root permeability with increasing pressure application. Their maximum test pressure was 2.2 bars. Raschke (4) has used both positive and negative pressure applications on plant leaves to control stomatal movement and regulate transpiration. Raschke (4) demonstrated that when a positive 1 bar pressure increment was applied to the water supply at the base of a corn leaf, transpiration was temporarily reduced. A negative pressure increment of 1 bar caused a temporary increase in transpiration. Raschke explained this on the basis of a hydropassive response of the stomata to sudden pressure changes. Raschke did not demonstrate any long term effect of these 1 bar internal pressure changes on transpiration.
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We were interested in the effects of changes of controlled internal water pressure on intact plants. Xylem water pressures on the order of -5 bars or lower commonly occur in vascular plants. In order to study the effects of pressure changes greater than 1 bar on various plant water relationships, we designed a pressure chamber which allows the roots to be sealed inside without cutting the plant and which allows a large range of pressures to be applied at will to the roots. Figures 1 and 2 show a schematic of the pressure unit and the unique split top feature which allows the plant to be sealed into the chamber with the roots attached. The pressure chamber is 20 cm deep with a copper coil for temperature control formed into a helix of 9 cm i.d. inside the chamber. Asbestos sheeting thermally insulates the coil from the inside wall of the chamber. The inner stainless steel solution cylinder which is 8.2 cm i.d. and 18 cm deep contacts the copper coil to facilitate temperature control. This cylinder is sealed into an outflow tube by an 0 ring slip seal. The tube has a valve arrangement which permits the nutrient solution to enter the static level tube or be drained out and replenished without disturbing the plant. During periods of zero applied pressure the tube is connected to an air supply to aerate the roots. The valve is closed when pressure is applied.
MATERIALS AND METHODS
A plant is inserted into the chamber, by placing the root system into the solution cylinder containing the desired nutrient solution. If the plant is grown in a pot of soil, the solution cylinder is removed, the pot is inserted, and its height is adjusted by placing shim blocks under the pot. The plant is positioned so that the pressure seal can be made 2 to 3 cm above the roots. The compression gasket and the split top plate are fitted around the stem. The compression gasket is a rubber stopper with a hole drilled thru the center and split radially in half with a sharp razor blade. Fast curing silicone rubber seals the stem into the compression gasket and seals the split top plate together. The plate rests against the top 0 ring, aligned so that the split in the plate is normal to the positioning pin (Fig. 1) . The upper split ring is placed over the compression gasket, and the compression gasket is tightened around the stem by set screws. The ring collar is placed on the chamber by lifting the leaves thru the collar. A lug type seal (one-fourth turn) secures the collar to the top of the bomb. Set screws in the collar are tightened to secure the split top plate (Fig. 2) . When properly sealed, pressures as high as 20 bars have been applied successfully to the roots of our test plants. Negative pressures (vacuum) down to -1 bar may be applied equally well.
The transpiration measurements were made in a controlled environment microchamber described by Janes (1) . Changes in humidity of the exhaust air were calibrated in termus of water loss from the plant leaves and expressed in grams of water per square decimeter of leaf area per hour (1 (2) . The data in Figure 3 show the changes in the rate of transpiration as pressure was applied to roots of a pepper plant growing in soil. The initial adjustment of the plant placed in the environmental microchamber produced a transient pattern of transpiration which normally became nearly constant within 1 hr. An breaks in the stem and leaves. The transpiration rate steadily increased to nearly double the original maximum rate. Upon release of pressure, water disappeared from the leaves, and the transpiration rate decreased 3-fold to a steady low rate. A second application of 5 bars pressure caused a temporary reduction in transpiration followed by the reappearance of water on the leaves and stem and a subsequent increase in rate of transpiration. There were no direct measurements made of stomatal aperture, but it is known that hydropassive closure (4) would reduce loss of water from stomata. This would account for the temporary reduction in transpiration which occurred when pressure was applied. The increase in apparent rate of transpiration occurring with onset of "guttation" resulted from evaporation of free water on the leaf surface. Similar results were observed for bean and rhododendron under the same environment, except that transpiration from rhododendron did not exhibit the transient response to pressure application and guttation occurred at a higher pressure (6 bars The pressure at which guttation occurred was related to environmental conditions as well as plant water status. The roots were removed from a pepper plant similar to the one for which data were obtained (Fig. 3) , and the cut stem was placed in nutrient solution and sealed in the chamber. Water appeared on the leaf margins when only 1 bar pressure was applied. Pepper plants in dry soil (-6 bars soil water potential) did not exude water even when pressures as high as 10 bars were applied.
The influence of pressure applied to cooled roots of a pepper plant grown in nutrient solution is shown in Figure 4 . The transpiration rate was cut in half as the temperature dropped from 20 C to 5 C. After a slight increase in transpiration with the application of 1 bar pressure, the rate held steady for 2 hr. Increasing the pressure to 6 bars did not materially affect the rate of transpiration. There was no sign of water exudation from the leaves or stems. After release of pressure, the rate dropped to the original low value. Removing CO, from the microchamber temporarily doubled the rate of transpiration indicating stomatal opening. The decrease in rate of transpiration after a short period suggests that the supply rate, limited by the cooled roots, was not sufficient to maintain adequate leaf hydration, and this resulted in stomatal closure.
The modified pressure chamber described here is a useful tool for independently changing the internal water pressure of plants. This feature should allow for a wide variety of plant water stress studies not previously possible with intact plants.
